The work presented here was undertaken primarily for the purpose of ascertaining the effect of alcohol in moderate quantities on the water and salt balance in man. It is a commonly observed fact that alcohol in man produces a diuresis and MacNider and Donnelly (1) have shown this to be the case in dogs. It is likewise well known that thirst is a prominent symptom during the recovery phase of acute alcoholism. No balance studies have been made of this condition, and it was thought that data could be collected which would explain some of the features observed.
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Alterations in the acid-base balance after the ingestion of alcohol was first shown by Thomas (2) in 1898, who reported that the carbon dioxide content and carbon dioxide capacity of the blood was diminished. Himwich and coworkers (3) in 1933, made observations on the acid-base balance in dogs and in man after feeding alcohol. Their studies were made over short periods of time, and no attempt was made to study the electrolyte balance; however, they observed no change in the total base or chlorides of the serum. They found that there was a reduction in the carbon dioxide content and carbon dioxide capacity of the blood which was accompanied by a fall in the blood pH. There was also an increase in the blood lactic acid and sugar. It was their belief that the increase in lactic acid was brought about by the conversion of muscle glycogen to lactic acid by the action of alcohol. Futer and coworkers (4) in short experiments on dogs noted a fall in the carbon dioxide capacity, an increase in the blood sugar, and an increase in the blood potassium content. Gojcher and coworkers (5) reported the same findings in chronic alcoholism in man, but made no attempt to study the excretion of the electrolytes.
Wakai (6) using rabbits, was able to show that the serum protein concentration was decreased and was accompanied by a decrease in the serum and blood viscosity after the feeding of alcohol. Levin (7) has shown that in man the ingestion of alcohol caused an increase in blood volume in certain instances.
EXPERIMENTAL
Healthy, young, adult male volunteers were used in the experiments. They were allowed to carry on their usual routine as students. A constant diet, which was prepared by the same individual throughout each experiment, was given. Two duplicate samples of the diet were analyzed for the potassium, sodium, chloride, water, and nitrogen content. The time at which fluid was taken and the amount were constant for each day throughout the experiment. A weighed amount of sodium chloride was supplied to the subject for use on his food for the day, and all food was consumed.
In order to determine the changes that might occur in periods shorter than 24 hours, the day was divided into three 8-hour periods. The urine was collected for each of the 8-hour periods, toluene added as a preservative, and the specimens were kept in the ice box until used. The stools were collected for 24-hour periods. The blood samples were collected anaerobically, heparin being used as the anticoagulant (8) . A control blood was obtained 8 hours before the beginning of alcohol intake. The subject was given alcohol in the form of whiskey, gin or ethyl alcohol over a period of 8 hours, when a second blood sample was obtained. The third and fourth blood samples were obtained 8 and 32 hours respectively after the end of the alcohol consumption. The time at which fluid was taken remained the same in all experiments, alcohol being substituted for an equal quantity of water. No alcohol was allowed during the last hour of the period of alcohol intake, and the subject was kept at rest in bed. Vomiting did not occur in any of the experiments. In Experiments 1, 2, and 3 the subjects received alcohol in the form of whiskey, diluted with ice and water. In Experiment 5, the alcohol was given in the form of distilled gin diluted with water and ice, while in the 4th experiment ethyl alcohol diluted with ice and water was drunk. In two experiments (1 and 3) a low sodium chloride intake diet was given, 4 grams per day in Experiment 1, and 1 gram per day in Experiment 3, and in Experiments 2, 4, and 5 an adequate sodium chloride intake was allowed (7 grams per day).
The columns headed "balance" in Table IV represent the difference between the output and intake of the various substances, the output in each instance representing the total as measured by analyses of the urine, stools, and withdrawn blood. The intake represents the total amounts in the water, food, and sodium chloride taken by mouth. Periods labeled 1, 2, and 3 are averages for the corresponding periods for two days and constitute controls. Period 4 represents the tinme of alcohol intake and during Periods 5 and 6, it was considered that the subject was still under the influence of alcohol. The recovery phase begins with Period 7.
The methods for chemical analysis are as follows. Estimations of the sodium were made by the method of Butler and Tuthill (9) . A trichloracetic acid filtrate of the plasma was used instead of wet or dry ashing. The filtrate was prepared in the manner recommended by Kerr (10) . The potassium was estimated by the method of Shohl and Bennett (11) (13) . The blood alcohol was determined by the method of Friedemann and Klaas (15) . The macro-Kjeldahl method was employed for the determination of the nitrogen, in the plasma, urine, and stools (13) . Nonprotein nitrogen was determined according to Folin and Wu (13) and the blood sugar by Benedict's method (13) . All determinations were made in duplicate; unusual results were checked in triplicate.
RESULTS
Five complete balance studies were made, the results of which were consistent regardless of the form in which alcohol was taken. Data from such experiments (Tables I, II , and III) reveal that there was a retention of sodium, chloride, and potassium. A small amount of water was lost during the 24-hour period, but this loss was more striking during the 8-hour period in which the alcohol was given. Diuresis was produced and occurred always in the first 4 hours of the period, so that during the last 4 hours only small amounts of urine were voided, even though alcohol was taken during this time. Although there was a diuresis of water, the sodium, chloride, and potassium ions were retained and their concentration in the urine was lowered. Accompanying the water diuresis, which occurred only while the subject was taking alcohol, there was a loss of weight greater than could be accounted for by the loss of water in the urine alone.
The retention of the sodium and the chloride was more marked when the intake of these ions was high, and in the two experiments in which the sodium chloride intake was inadequate there was a negative balance for these ions, which, however, was not as great as in the control period (Table IV) . In all experiments, the potassium retention (Table V) was marked and apparently had no relationship to the amount of sodium or chloride retained.
We have considered the recovery day as beginning 16 hours after the end of the period of alcohol intake, at which time the blood alcohol had fallen considerably. Actually, however, the recovery day does not begin at this time since water, sodium, potassium, and chloride were retained in large amounts for the first period of that day (Period 7, Tables I, II, and III) . Nevertheless, the balances for the complete day reveal that the recovery phase was characterized by urinary excretion of potassium, sodium, and chloride; with retention of water. Since more potassium was retained during the period of alcohol consumption the loss of this ion was greater than for the sodium and chloride. The negative balance on the first day of the recovery period was insufficient to offset the retention that occurred when the subject consumed the alcohol. One experiment (Table II) was prolonged for an additional day, and it was found that the sodium, potassium, and chloride loss approximately equaled the amount of these ions which had been retained during the period of alcohol consumption.
The retention of potassium was reflected in the concentration of this ion in the plasma (Table V) . While there was little or no change immediately following alcohol ingestion, there was a marked increase 8 hours later. The sodium and the chloride concentrations in the plasma were not elevated to a great extent, the largest increase noted was in Experiment 4 (Table II) , where the sodium increase was 2.9 m. eq. and the chloride increase was 2 m. eq. In the other experiments this change was not as much, but in each case there was at least an increase of 1.2 m. eq.
We were able to confirm the studies made by Himwich and coworkers (3) who found that after the ingestion of alcohol there was an increase in the blood sugar and lactic acid, and a decrease in the carbon dioxide content and the pH. In none of our experiments were the alterations as much as these workers observed.
Nitrogen was retained in every case, but the positive balance is much more apparent in those experiments in which the sodium chloride intake was adequate; in each of these the amount retained was 2 grams or over, whereas it was less in each experiment. The output is the total amount of subthan one gram when the sodium chloride intake was low. There was a reduction in the plasma proteins, which we believe was owing to an increase in blood volume (16) . An attempt was made to correlate the blood alcohol concentration with the changes in the water balance, but apparently no comparison could be made.
DISCUSSION
All variables were controlled as far as possible in these experiments, but the activity of the subjects varied from day to day, and there was an increase in the activity during the period in which alcohol was given. It was observed that the respirations were increased in rate and depth after the alcohol was given, so that more water must have been lost through the expired air and by the increased amount of sweating during this period, than during any other period of the experiment. No measurements were made of the water lost in this manner except that it was observed that more weight was lost during the period of drinking than could be accounted for by the water balance observed. Realizing these facts, we do not believe that a quantitative calculation can be made of the water exchange between the intracellular and extracellular phase. Darrow and Yannet (17) have estimated that the volume of extracellular fluids is approximately 27 per cent of the body weight. The extracellular fluid volume, however, may not remain stationary when conditions of the experiment are altered. In fact, it would appear that in the experiments reported here, there was an increase in the extracellular fluid volume. The retention of sodium and chloride without an increase in the plasma concentration and the increase in the blood volume (16) would indicate this increase. If, however, the assumption is made that the volume of extracellular fluid is approximately equivalent to 27 per cent of the body weight, then only approximately one-half of the retained potassium can be accounted for in this compartment ( Table  V) . As pointed out above, this assumption is (Table V) . Again, if the balance of intracellular water is calculated from the amount of retained nitrogen, as suggested by Darrow and Yannet (17) , it is found that there is a discrepancy of approximately 100 cc. of fluid.
If the retained sodium and chloride be calculated on the same basis, namely, assuming the extracellular fluids to be 27 per cent, it is found that only a very small amount cannot be accounted for in this partition. It should be pointed out that potassium was retained in greater quantity than either the sodium or the chloride ions.
It has been shown that when alcohol is given to dogs a diuresis occurs (1), and we have shown that in man a diuresis occurs in the first part of the drinking period, but that thereafter there is a retention of fluids. It is to be noted that the concentration of sodium, chloride, potassium, and nitrogen in the urine was very much lowered so that the excess urine represents a water diuresis. It would appear therefore that alcohol has an effect on the renal epithelium allowing the water to pass but holding back potassium in large amounts and sodium, chloride, and nitrogen in smaller amounts. When the potassium and nitrogen are considered it appears that the effect of alcohol is not unlike that noted for the absence of the adrenal cortical hormone (20) .
During the recovery phase, potassium, sodium, chloride, and nitrogen were lost in greater amounts than they were taken in. Since the loss occurred when the concentration of alcohol in the blood had fallen to lower levels it would appear that the barrier to the excretion of these substances had been removed. The excess of these ions was lost from the extracellular fluid, and if it is assumed that a portion of the intracellular potassium exists in a diffusible form, there would be a loss of potassium from the cells. At the same time water was also lost.
It is most unlikely that the shift of water to the intracellular phase is responsible for any of the symptoms resulting from acute alcoholism in man, since the amount of water gained by the cells was too small to bring about edema of any organ. In fact, the most severe symptoms that were noted occurred in Experiment 3, in which the calculated intracellular water was less during the recovery phase than in the beginning of the experiment; however, the plasma potassium concentration had increased to 8.3 m.eq. per liter.
Potassium in excessive amounts is a depressant (21) and produces malaise, nausea, vomiting, and headache, all of which symptoms are observed after excessive alcohol ingestion. It is suggested that the increase in the concentration of plasma potassium after the ingestion of alcohol may be responsible for some of the after effects of overindulgence in alcohol. In our experiments, the unpleasant symptoms of postalcoholic excess appeared at a time when the concentration of alcohol in the blood had fallen and when the potassium concentration was at its maximum.
In all of the experiments reported here there was a slight increase in the level of the blood lactic acid; however, it seems unlikely that the slight increase noted would in any way be responsible for the acidosis produced or for any of the symptoms observed after overindulgence in alcohol.
